The new mineral acmonidesite, (NH 4 , K, Pb 
INTRODUCTION
Ammonium sulfate chlorides are quite rare (see for instance rruff.info/ima/), the only examples known to date seem to have been found as sublimates only at Vulcano Island, Aeolian Islands, Sicily, Italy (Campostrini et al., 2011) , i.e. adranosite (Demartin et al., 2010) , adranosite-(Fe) (Mitolo et al., 2013) and therasiaite (Demartin et al., 2014) . Acmonidesite (NH 4 , K, Pb 2+ , Na) 9 Fe 4 2+ (SO 4 ) 5 Cl 8 , is an additional new mineral of this kind recently found in the fumaroles at the same locality. This mineral was approved as a new species by the IMA Commission on New Minerals, Nomenclature and Classification (No. 2013-068) . The name is from Acmonides (from the Greek Ακμωνιδης), cited by Ovidius as one of the Cyclops, who were helpers of Hephaistos, the mythological god of fire whose forge was alleged to be located at Vulcano.
This paper deals with the description of the new mineral, together with its crystal structure determination.
OCCURRENCE, CHEMICAL DATA AND PHYSICAL PROPERTIES
Acmonidesite is a volcanic sublimate found at La Fossa crater, Vulcano, Aeolian Islands, Sicily, Italy, in an active fumarole [fumarole FA, reported in Borodaev et al. (2000) and Pinto et al. (2006) ] that occurs on a pyroclastic breccia as brown prismatic crystals up to 0.10 mm in length, in association with salammoniac NH 4 Cl, alunite KAl 3 (SO 4 ) 2 (OH) 6 into account the empirical chemical formula and the density based on it, the calculated mean refractive index is 1.602, using the Gladstone-Dale constants of Mandarino (1976 Mandarino ( , 1981 . The compatibility index 1-(K p /K c ) = 0.033 is rated as excellent. Dispersion could not be observed because of the intense brown color of the mineral.
Quantitative chemical analyses (8) were carried out in EDS mode using a JEOL JSM 5500 LV scanning electron microscope equipped with an IXRF EDS 2000 microprobe (20 kV excitation voltage, 10 pA beam current, 2 μm beam diameter). The analytical method was chosen because it was impossible to prepare a flat polished sample and the crystal is severely damaged by using the WDS technique, even with a low voltage and current and a large diameter beam. Element concentrations were measured using the K lines for S, K, Na, Fe, Mn, and Cl, the L line for Br and the M line for Pb. The presence of ammonium was established from crystal structure analysis, confirmed by the FT infrared spectrum (Figure 2 ) as well as by the EDS spectrum ( Figure 3 ). The IR spectrum was recorded on a Jasco IRT-3000 spectrometer and shows strong absorption bands 
X-RAY DATA
X-ray powder-diffraction data (Table 2) 3416.6(5) Å 3 were derived from least-squares refinement from the above data using the program UNITCELL (Holland and Redfern, 1997) .
Single-crystal diffraction data were collected using a Bruker Apex II diffractometer with
MoKα radiation (λ = 0.71073 Å). Some 17663 intensities were measured up to 2= 63.03°, of which 5336 were unique (R int 0.0501). A SADABS absorption correction was applied (Sheldrick, 2000) (μ = 5.95 mm -1 ). On the basis of systematic absences the space group C222 1 (no. 20) was unambigously selected, in agreement also with statistical tests on the distribution of the E values [|E 2 -1| = 0.781] and confirmed by satisfactory structure solution and refinement. The structure was solved by direct methods and refined using the SHELXL-2017 program (Sheldrick, 2008) implemented in the WinGX suite (Farrugia, 1999) to a final R = 0.0363 for 4614 observed reflections [I > 2σ(I) ]. A refinement of the occupancies of the N and Na sites revealed in two of them a significant substitution of the ammonium ions by K + and of Na + by Pb 2+ , as shown in Table   4 , whereas no occupancy was refined for the Fe and Cl sites, due to only small amounts of Mn and Br replacing Fe and Cl, respectively. The formula resulting from the structure refinement is Table 4 ; selected interatomic distances are listed in Table 5 .
The crystallographic files have been deposited with the Principal Editor of Mineralogical Magazine
and are available as Supplementary material (see below).
DESCRIPTION OF THE STRUCTURE AND DISCUSSION
The structure of acmonidesite ( tetrahedra are also present in parabutlerite (Plášil et al. 2017) , however in acmonidesite each couple of adjacent octahedral is bridged by two sulfate anions instead of by one. The three independent sulfate anions, one of which located on a two-fold axis (S3), are connected to the iron polyhedra and to the other cations as shown in Figure 6 . The S1 sulfate shares two vertices of the tetrahedron with two symmetry-related Fe1 polyhedra of the same cluster. The S2 sulfate shares two vertices with Fe1 and Fe2 polyhedra of the same cluster and one with a Fe2 of an adjacent cluster. The S3 one shares two of the four vertices with Fe1and Fe2 octahedra of the same cluster and the other two with the corresponding Fe1 and Fe2 polyhedra related by two-fold symmetry. Voids within the three-dimensional framework determined by the arrangement of these clusters are occupied by four independent ammonium ions (two of them partially replaced by K + ), by one Na + cation, partially substituted by Pb 2+ and one Cl -anion (Cl5). The larger voids are those occupied by ammonium only (average radius of the cage 3.32-3.46 Å) or by ammonium plus potassium (average radius 3.12-3.14 Å). The smallest (average radius 2.79 Å) are occupied by Na + and Pb 2+ , as expected by the ionic radii of these cations. Bond valence calculations (Table 5) The occurrence of acmonidesite in the fumaroles at La Fossa Crater, together with other rare and unique minerals containing ammonium, is an additional example of the singularity of this locality and provides further information in the study of the overall geochemical context of this environment. The presence of this minerals as volcanic sublimates emphasizes an high activity of free ammonia and volatile chlorides in the gas phase that prevent dissociation of such minerals, which would be otherwise unstable at the observed temperature. obtained from least-squares refinement of the above data using the program UNITCELL (Holland and Redfern, 1997) . (17) Figure 6 . The environment about the three independent sulfate anions.
